Extracellular deoxyribonucleic acid (DNA) has been found in untreated cultures of a variety of microorganisms (5, 6, 10, 20) . In bacterial species amenable to genetic transformation (5, 10, 20) , it has been shown that extracellular DNA spontaneously released by bacteria is genetically active.
Large amounts of bacterial ribonucleic acid (RNA) are synthesized in the cells of plants infected with bacteria (24, 26, 28, 29, 31, 33 ). It appears that bacterial DNA spontaneously released is taken up by the host cells and transcribed. However, when bacterial DNA is extracted, purified, and given to plants instead of living bacteria, it is not transcribed in our experimental conditions (28) although this foreign DNA penetrates into the cells and replicates (30, 32) . The presence of a bacterial DNA-dependent RNA polymerase is necessary for the transcription of bacterial DNA in the plant cells (25) .
We have reported in preliminary communications that frog auricles infected with bacteria also synthesize bacterial RNA (3, 27) . More recently, we have found bacterial RNA in frog brains which are naturally protected by a barrier against bacteria (2) .
In the present work, we determined whether the DNA released in the medium by bacteria could be transcribed in animal cells in the absence of bacteria as efficiently as when the animal cells are in direct contact with bacteria. Moreover, we investigated whether the presence of a bacterial DNA-dependent RNA polymerase is also necessary for the transcription of bacterial DNA in animal cells. ing spontaneously released bacterial DNA in which auricles could live, cultured bacteria in the middle of their logarithmic phase were centrifuged (3,000 x g for 20 min) and transferred into Ringer solution (1) at a concentration of 10" bacteria/ml. This suspension was either used directly or freed from its bacteria by the following method. The suspension was incubated for 1 h at room temperature with aeration. The medium was then freed from its bacteria by three successive centrifugations: the first at 3,000 x g for 20 min, the second at 30,000 x g for 30 min (but this time in presence of the proper antibiotics, depending on the species of bacteria), and the last in sterile tubes at 80,000 x g for 1 h. As a last precaution, the medium was filtered through a sterile membrane filter (Sartorius; SM 11306) with pores of 0.45 gm. Sterility tests were done by plating on nutrient agar in petri dishes the supernatant fluid (diluted 10 to 100 times due to the antibiotics). The molecular weight of the DNA in the supematant was estimated by diethylaminoethyl-cellulose paper pulp chromatography (9).
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Experiments with frogs infected in vivo. In the first case, 10 frogs (Rana ridibunda) about 5 years old were injected intraperitonealy with 1 ml of a suspension (10' bacteria/ml of Ringer solution) of bacteria or with 2 ml of the supernatant fluid. The controls were treated in the same way except that they were injected with 2 ml of sterile Ringer solution. Five hours later, a high concentration of antibiotics (depending on the bacteria used) was injected into each animal. Two hours later, the animals were killed. The thoracic cage was opened, and 40 ml of sodium citrate (3.8%) containing the proper antibiotic was perfused into the ventricle. Before labeling, in order to ensure that no bacteria remained on the periphery of the auricles, these organs were transferred successively through five baths of sterile Ringer solution (0.5 liter each). Between the different baths, the auricles were put in a strainer and washed by pouring Ringer solution on them. To kill any bacteria which might have remained, the auricles were placed for 3 h to a solution of Ringer solution containing the proper antibiotics. Finally, the auricles were labeled with 3H-uridine (0.1 mCi/ml of Ringer solution) in presence of antibiotics. Just before labeling, samples of the auricles were gently homogenized in nutrient broth with a sterile Potter homogenizer in such a way as to preserve any contaminating bacteria. The homogenate was spread on nutrient agar in petri dishes and incubated at different temperatures for 2 days. The method of homogenization was checked by treating in the same way a known number of bacteria in the presence of auricles and plating them. After the labeling, samples of the auricles were prepared for autoradiography (4, 21) . The samples were either frozen and cut in a cryostat (4) or fixed, embedded in paraffin wax, and sectioned (21) before Kodak AR 10 stripping films were applied (we used cryostat sections to check whether some bacteria had been washed away in the different dehydrating baths of the classic paraffin method). These autoradiographic techniques are reliable since they agree with petri plating. Indeed, control experiments in which auricles were dipped in a suspension of labeled bacteria showed a good agreement (not less than 80%) between the two techniques. It Experiments with frogs infected in vitro. The auricles were put in direct contact with the bacteria in the following way. The frogs were killed. The thoracic cage was opened, and sterile sodium citrate (3.8%) was perfused into the ventricles to wash the auricles. Ten auricles were bathed for 5 h either in a suspension containing 10' bacteria/ml, in the bacterial supernatant fluid only, or (for the controls) in sterile Ringer solution. The auricles were then transferred into three successive baths of sterile Ringer solution, followed by 3 h in a new bath containing the proper antibiotics. The auricles were then transferred to a new bath and labeled with 'H-uridine (0.1 mCi/ml). Sterility tests were performed before labeling, and samples of the animal tissues were taken after the labeling for autoradiography. In some cases in which the auricles were bathed directly in a suspension of bacteria, 103 to 104 bacteria were found for 10 auricles on the epicards. These experiments were discarded.
Moreover, two other control experiments have been made concerning the role of contaminating bacteria. (i) Bacteria were labeled with 3H-uridine (0.1 mCi/ml) for 3 h in Ringer solution containing 10 auricles, a possible supply of nutrients or of protection resulting in enhanced bacterial RNA synthesis. These bacteria (107) were added to 10 auricles of control frogs which had been labeled previously for 3 h with 3H-uridine (0.1 mCi/ml). (ii) Ten heat-killed auricles were incubated in a suspension of bacteria (108/ml) and then washed in the same way as the living auricles before being labeled with 'H-uridine (0.1 mCi/ml).
Experiments with frog auricles incubated with purified bacterial DNA. The effect of purified bacterial DNA on the synthesis of RNA in the auricles was studied by putting the auricles for 5 h in Ringer solution containing 300 Mg/ml of bacterial DNA. Then the auricles were labeled for 3 h with 'H-uridine. The bacterial DNA was extracted (18) Characterization of the polymerase. To determine the nature of the polymerase responsible for the formation of bacterial RNA in animal cells, we used rifamycin SV (Lepetit Laboratory, Milan), an inhibitor of DNA-dependent RNA polymerase (12, 24) . Although smaller quantities can enter animal cells (A. Brega et al., Abstr. 13th Int. Congr. Cell Biol., p.10, 1972) several hundred micrograms of rifamycin per milliliter is necessary to inhibit in vivo the activity of the animal DNA-dependent RNA polymerase, whereas 10 to 50 Mg of rifamycin per ml is sufficient to inhibit this enzyme in DNA-dependent RNA polymerase-sensitive bacteria (13) . We used the different sensitivities of the animal and the bacterial polymerases towards this antibiotic as a means of identification. The bacteria used for testing the nature of the polymerase responsible for the bacterial DNA transcription in animal cells were either E. coli B, Agrobacterium tumefaciens B., or B. subtilis Caron which have rifamycin-sensitive DNA-depend-ent RNA polymerase (12, 24) , or E. coli K-12 RFS 524 which is rifamycin resistant (22) . Rifamycin (30 ,ug/ml) was added to a supplementary bath of Ringers solution just before labeling, either to the auricles which had been treated with the suspension of bacteria or its supematant fluid. The controls were given the supplementary bath of Ringer solution but without rifamycin.
Procedures used for the extraction and characterization of the nucleic acids. RNA (23) extracted from the auricles was characterized by DNA-RNA hybridization (11) . Bacterial DNA or animal DNA was prepared by the Marmur procedure (18), denatured by boiling in 0.1 x SSC (0.15 M sodium chloride, 0.015 sodium citrate) fixed to membrane filters (Millipore Corp.). Between 80 to 95% of the DNA remained bound to the filters. Filters containing either no DNA or salmon sperm DNA served as controls. Thy hybridization was carried out for 20 h at 65 to 66 C in scintillation vials in a volume of 2 ml of 2 x SSC. To measure radioactive RNA hybridized to DNA, filters were soaked in 20 ml of 2 x SSC and rinsed on each side by suction with 100 ml of 2 x SSC. Digestion of any nonhybrid RNA which survived the washing procedure was carried out in 5 ml of 2 x SSC by ribonuclease (RNase) (20 Ag/ml) for 60 min at 37 C. The filters were finally rinsed on each side with 100 ml of 2 x SSC before scintillation counting in a toluene scintillator. The results give the relation (expressed in percentage) between the amount of denatured DNA trapped on the filter and the amount of 8H-RNA hybridized. The estimate of the quantity of 3H-RNA hybridized is based on the specific activity of the bulk RNA. This may lead to error since it is likely that the RNA, being a mixture of bacterial and animal RNA, might not be uniformly labeled. We have, nevertheless, preferred to present out results in percent hybridization rather than in percent input counts hybridized. Indeed, in this case the problem of a nonuniform labeling is not solved. Moreover, from one experiment to the other the bacterial RNA synthesized in animal cells could consist either of the repetition of few genes or of one copy of many genes, possibilities which would give completely different percentages. It should, however, be stressed that our results are not quantitative in an absolute sense. The specific activities of the 8H-RNA extracted from control or infected auricles are the same within the variation range found from frog to frog. The specific activity is around 1,500 to 2,000 counts per min per Ag.
The bacterial DNA (18) was prepared from labeled or nonlabeled bacteria in culture, and the frog DNA (18) from the intestine of nonlabeled animals.
RESULTS
Newly synthesized RNA in auricles after contact with a suspension of bacteria or with the supernatant fluid of these bacteria. Figure 1 shows that bacterial RNA is synthesized in auricles which have been in contact with the bacteria. The percentage of hybridization is about the same whether the infection with a specific bacteria has been realized in vivo or in vitro. After an intraperitoneal injection of the supernatant fluid of any bacteria, no bacterial RNA can be detected in the auricles, but, when auricles are bathed in B. subtilis supernatant fluid, some bacterial RNA is found. Of four experiments, the percentage of hybridization in this case varies between -0.4 and 1.4%, whereas of six experiments made with auricles dipped in a suspension of B. subtilis the percentage varies between 0.9 and 7%. Molecular weight estimations of the DNA in the supernatant fluid of the three species of bacteria show that only the supernatant fluid of B. subtilis contains a fair amount of DNA over 1.5 x 106 daltons (Fig. 2) . It should be stressed that up to 70% of the hybridizing 3H-RNA of frog auricles in contact with a suspension of bacteria or in B. subtilis supematant fluid is displaced by nonlabeled RNA from the same strain. The hybridization is specific since 3H-RNA extracted from frog auricles in contact with one strain of bacteria or B. subtilis supernatant fluid never hybridizes in more than 0.2% with DNA extracted from another strain of bacteria, a percentage which can be attributed to some common ribosomal RNA. Let us note that when 3H-RNA from bacteria in culture is hybridized with DNA from another strain of bacteria, the same low percentage is found.
No bacterial RNA could be detected by our hybridization technique (11) when 107 labeled bacteria were added to 10 labeled, control, living auricles although the specific activity of the RNA of the bacteria labeled in such conditions is about three times higher than the specific activity of the control auricles. Moreover, the RNA extracted from the heat-killed auricles, which had been incubated in presence of bacteria and then washed and labeled, had almost no radioactivity (about 30 counts per min per Mg).
Localization of newly synthesized RNA.
Autoradiographs show that in both control and infected animals the radioactivity is located mainly in the cell nuclei; the rest is in the cytoplasm (Fig. 3) . The cell membranes seem free from grains, and the surfaces of the auricles are clean. The radioactivity was considered to be from the RNA since it was removed by RNase and was resistant to deoxyribonuclease.
When infected auricles have not been washed and treated with antibiotics, some contaminating labeled bacteria are found (Fig. 3C) . Newly Rifamycin inhibits the synthesis of bacterial RNA in the cells of the auricles which had been in contact with rifamycin-sensitive bacteria or with B. subtilis supernatant fluid (Fig. 5A-C) . On the other hand, auricles which have been in contact with a rifamycin-resistant strain such 100 as E. coli K-12 RFS 524 continue to synthesize IDUt bacterial RNA (Fig. 5C ). The autoradiographs show that the labeled RNA is located almost totally in the nuclei. No labeling is seen on the surface of the auricles, and the cell membranes seem free from radioactivity even with the cryostat water solubility technique. The transcription of the bacterial DNA thus seems to occur in the animal cells and is not due to bacterial fragments or released bacterial enzymes and nucleic acids absorbed pnto the cell membranes.
The Although the specific activity of the RNA of the bacteria labeled in such conditions is about three times higher than the specific activity of the control auricles, the total amount of RNA contained in 107 bacteria is negligible in com- parison to the bulk of the auricle RNA and cannot be detected. Most important is that B. subtilis RNA is also found in the auricles when The transcription of bacterial DNA in animal cells is not performed by animal polymerases. Indeed, the polymerase responsible for the transcription of the released bacterial DNA in animal cells is blocked by a concentration of rifamycin which has no visible effect on frog polymerases. On the other hand, there is good reason to believe that the transcription of bacterial DNA in animal cells is performed by bacterial DNA-dependent RNA polymerase. When auricles are dipped in a rifamycin-resistant strain, animal cells still synthesize bacterial RNA in the presence of rifamycin, but when rifamycin-sensitive bacteria or B. subtilis supernatant fluid is used the phenomenon is blocked by this antibiotic. Thus it appears that the released bacterial DNA is transcribed in animal cells with its own DNA-dependent RNA polymerase as has been shown in plants (25) . This polymerase might enter the animal cells with the bacterial DNA or be synthesized subsequently. This latter possibility seems less likely since, in our experimental conditions, purified, extracted bacterial DNA is not transcribed in animals although it enters the cells (8, 14) .
It has already been shown that purified DNA can be taken up by cells of higher organisms and even cause transformation (15, 17) . But in the present work it appears that the transfer of genetic material can occur spontaneously between bacteria and cells of higher organisms. It seems that a nucleic acid-enzyme complex can be released by bacteria and taken up by auricles. It would appear that viral infections are but one aspect of a more general phenome- 
